end of the F-layer trace in ionograms. During the spread-F season in Brazil, between 108
October and March, the evening pre-reversal enhancement in the zonal electric field, and 109 therefore the F-layer vertical drift, attains large values and range type spread-F is observed 110 in equatorial ionograms, followed by their appearance at crest region of the EIA, which is 111 located around Cachoeira Paulista (CP: 22.4° S, 45° W, dip angle: -37°). During the 112 remaining part of the year, when the vertical drifts are very small (Batista et al., 1996) , 113 spread-F is restricted to the height region below the F-layer peak, rarely reaching the topside 114 ionosphere, and therefore observed only close to the dip equator. This type of spread-F is 115 usually classified as bottom side spread-F (Valadares et al., 1983). The other common 116 spread-F pattern observed in equatorial ionograms is the frequency type spread-F. In this 117 case, the spread-F echoes are seen at frequencies around the F-layer critical frequency 118 (foF2). It is believed to be associated with smaller scale/decaying irregularities following 119 spread-F/EPBs (Abdu et al., 1981a) . 120
Some studies have pointed out that frequency type spread-F can sometimes be associated 121 with patches of ionization propagating eastward (MacDougall et al., 1998 ) and this type is 122 frequently observed in solstices in distinct longitudinal sectors. Additionally, both frequency 123 and range spread-F types can appear simultaneously, as a mixed spread-F pattern. 124
In this work, we present a case study on an unusual/anomalous spread- presence of unusual spread-F patterns is observed. Over SL, the first spread-F trace appears 203 at 01:00 LT at an oblique angle close to or above the F-layer peak at a virtual range of 600 204 km. Over the next hour, this structure gradually moves closer to the station SL, finally 205 merging with F-layer bottom side echoes and becoming a well-formed spread-F trace. 206
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During the spread-F development, it is possible to observe an apparent small increase in the 207 F-layer heights. Finally, at the end of the spread-F event, around 02:50 LT, we observe a 208 decreased foF2 and the formation of an Es layer, lasting until 03:10 LT (not shown). We 209 notice a very similar evolutionary pattern of the structures in the FZ ionograms as in those 210 obtained from SL. However, the first spread-F traces appeared over FZ around 22:20 LT, 211 much earlier than over the equatorial site, SL. These echoes from FZ lasted for about 3 212
hours. The spread-F echoes gradually move closer to the station or downward to form a 213 well-structured spread-F pattern. 214
An important point to be considered is the local ionospheric background in which the 215 spread-F occurred. The F-layer parameters, h'F (virtual height of the F-layer bottom side, in 216 km), the hmF2 (the real height of the F-layer peak, in km) and foF2 (the F-layer critical 217 frequency, in MHz) for both stations are shown in Fig. 2 from 18:00 LT to 06:00 LT. Over 218 SL an uplift of the F-layer was observed between 21:00 LT and 23:00 LT, not associated 219 with any spread-F echoes. Near 21:00 LT we may note some wave-like oscillations in the F-220 layer height (notable in hmF2) (with a period on the order of one hour. The first spread-F 221 trace at oblique angles (and perhaps above the F2 peak) appeared during these oscillations. 222
On the other hand, over FZ where heights are lower, we observe stronger wave-like 223 oscillations in both h'F and hmF2 three hours earlier than observed at SL. The F-layer 224 critical frequency decreased for both stations, as it is expected for this period. At the 225 beginning of the spread-F occurrence, the foF2 was as low as 4 MHz, corresponding to an 226 electron density of 1.98×10 5 el.cm -3 . The parameter fxI (not shown), or top frequency of 227 spread-F, which is the highest frequency of spread-F echoes, reached values not higher than 228 4.5 MHz over SL but reached values around 6.0 MHz over FZ, which means higher plasma 229 density at this region. Moreover, after the spread-F ceased, it was possible to observe the 230 recovery of the plasma frequency/density over FZ sooner than over SL. 231
Ann. Geophys. Discuss., https://doi.org/10.5194/angeo-2018-115 Manuscript under review for journal Ann. Geophys. nm airglow emission spectral line shape over the same region. They noticed that during low 345 solar activity (F10.7 < 125 sfu), the zonal and meridional winds are, on average, negligible 346 in postmidnight hours. It is possible that these differences can be attributed to departures 347 from the wind system at which could be responsible by the F-layer uplifts and plasma 348 instabilities/irregularities development. 349 350
Spread-F in ionograms 351
As mentioned before, spread-F echoes in ionograms generally appear first at the low-352 frequency end, as satellite traces, evolving into spread-F echoes extended in frequency and 353 range. These characteristics were not seen in the present study. In this work, the reflected 354 echoes observed in the ionograms first came from oblique directions and at heights which 355 could be considered possibly higher than those observed overhead. The spread echoes 356
Ann. Geophys. Discuss., https://doi.org/10.5194/angeo-2018-115 Manuscript under review for journal Ann. Geophys. Irregularities, FAIs, in Kototaband, Indonesia (equatorial region). As it is well known, the 436 zonal electric field is westward during the night, as the vertical drift ExB is downward. This 437 condition leads to an RT-instability growth rate negative. In this way, it is important to 438 address, the importance of the term g/ in in the linear growth rate of RT-instability, and of 439 the recombination processes, as shown in Equation (1): 440 (1) 441
Where: E is an the electric field; B is the magnetic field; g is gravity acceleration,  in is ion-442 neutral collision frequency; L is the scale length of the vertical gradient of the F-region 443 plasma density. At night, the zonal electric field is westward, as the growth rate can be 444 negative, i.e., the F-layer bottom side is stable. On the other hand, the term g/ in may hands 445 out in the following conditions: 1)  in is proportional to the neutral density, n, where n is 446 smaller during the night than the day; 2)  in is smaller at higher altitudes owing to the 447 decrease of n with the height; 3)  in is smaller during low solar activities. Therefore, under 448 the appropriate conditions, the RT growth rate can be positive, although small, as it is 449 observed in this work. To understand the recombination processes as a source of the F-layer 450 uplift it should be considered that the F-layer bottom side is eroded if it is at lower altitudes 451 (at ~300 km), such as there is a decreasing of peak density and the increasing of F-layer 452 peak height. For clarity, we present the F-layer density profiles, in Fig. 9 , taken from 453 measurements using the Digisonde installed in SL. It is possible to observe that from 22:00 454 to 00:00 LT, the F-layer peak height, and peak density decrease. As the F-layer bottom side 455 Ann. Geophys. Discuss., https://doi.org/10.5194/angeo-2018-115 Manuscript under review for journal Ann. Geophys. or by the propagation of gravity waves in ionospheric heights at low latitudes or equatorial 481 region. If they propagate at equatorial ionospheric heights, they can be seen as oscillations in 482 the F-layer bottom side and can trigger RT-instability and plasma bubbles. In this work, the 483 plasma irregularities seen by the ionosonde are preceded by small oscillations in the F-layer 484 bottom (h'F) and peak heights (hmF2). However, oscillations are usually observed in the F-485 layer bottom side, and it should be carefully considered in order to establish if they are 486 associated with GWs. Generally, they are considered associated with GW if it downward 487 phase propagation is observed in the fixed frequencies (isolines) plots, i.e., the oscillations 488 are seen firstly in the higher frequencies. However, it is notable that the oscillations in the F layer heights, especially in hmF2, (with 512 the period around 36 min) that preceded the spread F traces (at both sites) are significantly 513 higher in amplitude at FZ than at SL. This aspect can be noted in more detail in the iso-line 514 plots of plasma frequencies presented in Fig. 7 , where in the height oscillations show larger 515 amplitude and occurring at earlier local times than they are at SL. Such oscillations may be 516 associated with gravity waves propagating to ionospheric heights with preferential 517 propagating directions to northeast and southeast, as recently reported by Paulino et al. 518 (2016) . These oscillations are indicative of the seed perturbations to lead to the SF 519 irregularity development through RT mechanism. Depending upon the amplitude of the seed 520 perturbation, even the small increases in the F layer height that marked this period, could be 521 capable of seeding RT instability and consequently generate the spread F irregularities (see ,  522 for example, Abdu et al., 2009 ). To explain the non-local origin of the SF traces, as observed 523 at both sites, it will be necessary to assume that the precursor conditions that existed at SL 524 and FZ must have continued to exist in longitude extending further eastward of Fortaleza, 525 perhaps with some increase in intensity so that the irregularities generated therein and 526 drifting westward could be the origin of the oblique spread F trace first observed over FZ 527 and later over SL. 528 2) The spread-F/depletions occurred during low plasma density conditions, geomagnetically 546 quiet nights, low solar activity and propagated westward. 547
3) The processes to generate spread-F at equatorial latitudes during quiet time seems to be 548 associated with the late time F-layer uplifts, possibly caused by departures in the neutral 549 wind system, probably associated with a weakening of the westward electric field, or to the 550 propagation of GWs at ionospheric heights, which favor the development of the late-time 551
RT-instability. 552
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